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DWFK)DUCTION 

A high-3.t.u. gas can be produced from coal  by gasipjing the coa l  t o  make 
H&O, and then reacting these gases, aIfter purif icat ion,  over a ca ta lys t  t o  make 
a gas consis t iag e s s e n t i a l l y  of % W e .  
'bave a ninbxii c a l o r i f i c  value o i  900 3.t .u.  -pr cubic foot  and a maximxu carbon 
monoxide content o f  0 .1  -percent.) 
T e d e n l  Bureau of l u e s  a t  Bruceton, Fa., a t  the oresent time is the hot-gas- 
recycle 2rocess. 

3.t .u.  per cubic foot of m e t a e  produced) is absorbed by the sensible heating 
of  large volmes of recycle gas c i rcu le t ing  through the reactor  in direct contact 
with t h e  ca ta lys t .  Because of the large voluses of gas and the high cost  of com- 
pression, it is necessary t o  have a low y e s s u r e  Or00 tirrough the c a t a l y s t  bed. 
The &evelopent  by the Bureau of an act ive,  durable ca ta lys t  made o f  s t e e l  l a the  
turnings t h a t  pack with a high void volume and o f f e r  l i t t l e  res is tance cc flow 
made the not  gas recycle feas ib le .  

(A s a t i s f a c t o q  high-2.t.u. gas would 

A methanation grocess under deve logent  i n  the 

In the  hot-gas-recycle system the  exothermic neat  of reaction (about 280 

This paper describes methanation in two s"kges using a s t e e l  l a t h e  turning 
c a t a l y s t  in *&e f i r s t  reactor  and nickel  ca ta lys t  in the second t o  complete the 
conversion of synthesis gas. 
is  considerably less  than t h a t  usually required i n  methanation prccesses. 
results &re bee reported for use of granular 3aney nickel  a s  c a t a l y s t  in the 
second r e a c t o r . 9  In t h i s  racer p i l o t  plant results are shown comparing operation 
of the second reactor v i t h  ,ganuhr  ca ta lys t s  and with nickel  ca ta lys t s  in the 
form of pla tes  e i ther  of s o l i d  3aney nickel  o r  n icke l  sprayed on s t e e l  or  aluininum. 
These l a t t e r  n a t e r i a l s  o f f e r  a negl igible  flow resis tance and permit e f f i c i e n t  use 
of a s m a l l  mount o i  e q e n s i v e  nickel  ca ta lys t .  

Table 1 shows the  c r i n c i p a l  reactions occurring in the syiizhesis. 

3y this method the  nmount of nickel  c a t a l y s t  needed 
Previous 

Zquations 
1 an5 2 a r e  the synthesis react ions for the  f ama t ion  of  hydrocarbons. Equation 
3 is t h e  water gas sh i f t  react ion.  
reaction, and 5 the carbide react ion.  
sjmthesis temperature 3f 300' C .  

Squation 4 is  an uodesirable carbon deposition 
All these reactions are exothermic a t  
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WIX 1. Reactions occurring i n  hot-gas-recycle process 
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A flowsheet of the hot gas recycle process i s  shown i n  f igure 1. *Two re-  
ac tors  a re  used in ser ies ,  the f i r s t ,  using s t e e l  la the turnings,  converts '70-90 
percent of the synthesis gas, and the second, using nickel,  converts essent ia l ly  
the remainder. The t o t a l  feed gas passes down through the f i r s t  reactor ,  then 
Cnrou& a cyclme t r a p  and is divided. Par t  flows t o  the second reactor;  the 
remicder  i s  recompressed t o  425 p.s . i .g .  and recycled t o  the reactor ,  ,w t o  95 
percent as hat  recycle and the balance as cold recycle. 
and removed 3-m the  cold recycle, t i e  amount of cold recycle i s  used t o  control  
t n e  -dater vapor content of the to'al recycle gas. The synthesis gas then combines 
with tne recycle gas and flows t o  the main reactor .  

As water i s  condensed 

The t a i l  gas f10-ds &b the  second reactor  vhi.:h i s  operated at a latier recyzle 
r a t e .  L? t h e  absence of a hot-gas compressor, it vas necessary t o  ,cool the wnole 
rezycle streaiii. Tne produzt s t reaa  is  depressurized, metered, ana arralyzed. 

n -  i m l c  2 shsws tne r e s u l t s  of t y p i c a i  t e s t s  o-wrating with 3ri~lCO feed gas 
u s i n g  one 31 t v o  rezctors .  %e f i rs t  collimn shows r e s u l t s  achieved using on;ji 
one reactor ;rnich coo-lsinsd steel turnings as cazalyst .  ,Tne turEings ha& been 
oxidizni with steam and reduced w i t h  nyarogen t o  produce an ac t ive  ca-alyZic 
silrface. The calorir ' ic value of the proc?uct gas was '720 3 . t .u .  e r  cu j ic  foot. 
m e  \carbsn nanoxide content was 2.1 percent. 
percent w i t h  s i g i f i - a n t  q s n t i t i e s  of etnane and propane . 
version inas 33.4 -wrcenc. Tne second col7imr of tne ta512 shows resuics  obtained 
w i t h  both reactors  o p r a t e d  in ser ies .  
nickel of k-20 mesh s ize .  ,?ne heat ins  v a h e  oI' tl;e product gas increased t o  
9.35 3. t .u .  ger cubic foct ,  an6 t i e  ,-arb92 manoxide content decreased GO 0.1 
zercent.  Tx meCmne contsnt -as 33.5 percent. Li addi t ion t o  inetianaticg tne 
carbon monoxide, E O S ~  or' the carboa dioxide reacted aad the heavier aydroczrbons 
cracked aad vere hydrogenated t o  nethane . 

%e methane content -was 31.3 
Tne feed-gas con- 

, E e  secozd reactor  conszined ,%ney 

aecause the  Rzney nickel  ca ta lys t  used i n  Yne second reac tor  vas i n  The 
form or' granules, tile pressure drop across the second reac tor  xas 'si&er than 
desired f ~ r  hot-gas-recycle operation. Raney nickel  i s  too b r i t t l e  t o  5e 
machined to la the turnings,  the physical foim used for the c a t a l y s t  i n  the 
f i r s t  reactor.  Ta overcoae t h i s  d i f f icu l ty ,  two tjrpes of n icke l  ca ta lys t  
p l a t e s  -Hiere devised. ? la tes  were sawd fron an ingot of Raaey nickel  and 
assenbled in  a p a r a l l e l  array t o  lit in to  the 3-inch d i m e t e r  reactor  as sho-m 
i n  figure 2 .  5 la tes  were 5-3/4 inches high ana 118 inch th ick .  A second t y p  
consisted of a s smbl i e s  made of s t e e l  or aluminum p h t e s  sprayed with Raney 
nickel  powder or  nickel  oxide powcier using a oxy-hydrogen o r  oq-acetylene 
torch. 
thicirness of 0.040-0.060 inch on each side and edge. 
of aaney nickel or 250 graas of nickel oxide was on the surface of each 
assea?&. 

Tile powder of loo-300 mesh s ize  %as sprayed an 1/16-inch p la tes  t o  a 
An average of 350 grams 
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2. spthesis r e s d t s  using one o r  two reactors,'steel 
tis-nings in f i r s t  reactor, graaular ilaney 

nickel  in second 

Xeactors 1 2 
Space veloci ty  t o  f i r s t  reac tor ,  vol. of 
gas/vol. of ca taus t /nom 850 850 

Space veloci ty  t o  second reac tor  --- 10,000 
*it gas analysis (vol.-percent-dry bas i s )  

H2 48.6 2.8 
co 2.1 0.1 
N2 0.5 .8 
co2 6.3 1.4 

31-9 93.5 
0 0 

C1 
C2= 
c2 5.4 0.9 
c3= 0.2 .1 
c3 2.9 .3 

1.6 .I 

720 986 
c4+ 

Heating value, a . t .u . jcu.  f t .  

Avg. temperature, -C. is t  reac tor  320 319 
321 Avg. temperature, 'C. 2nd reac tor  --- 

af 

E&O conversion, percent 83.4 99.3 

j t i2+1CO feed t o  the f i r s t  reaczor. 

,The p l a w  asse~xiblies sprayed witn Raney nickel  %?re actprated by digest ing 

The aiclrel 
with a 3-percent NaOE sohi t ion  to remo-<e 2 0  percent of the  aluminun. 
sprayed with nicLel oxide vere acsiva-ed by r eaucbg  with kyydrogen. 
oxide -as a s in t e r  material of the cmpos i t ion  s m w n  i n  t zb ie  3 .  

Those 

4 T.A.3I.E 3 .  Analysis of Raney r i c x e l  ana nickel  oxide 

Yater ia l  3aaney oickel  iiickel oxide 

Nicks 1 $2-40 74.2 
Ahminua 58-60 
Cobalt i.04 
i r o n  1.94 
CoPFr  0.73 
SuL.3.l.r * 13 
af iieight sercent  . 

i i i tn the s t e e l  turnings being used a s  a ca t a lys t  in the first reactor ,  
cocsecutive tests vere mcie using solid Raney n icke l  ?lates, stainless s t e e l  
p la tes  sprayed visn Xaney nickel ,  and aluminum pizses  sprayed v i t h  nickel  oxide 
s i n t e r  in she second reac tor .  
reduced about 90 percens, from 17 inches - i t h  granular Iiaoey oictiel, t o  Less 
tnan 2 inches of kater per foot  of ca t a lys t  height, with plates. 

At comparable conditions the p r e s s u e  drop was 
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Table 4 shows other  results of these t e s t s .  Except for  tbe carbon monoxide 
Xo s igni f icant  difference content, a sat isfactory high-i3.t.u. gas was produced. 

in Catalyst ac t iv i ty  o r  product composition was observed w i t h  these three 
Catalysts in the second reactor .  Since the n icke l  oxide s in t e r  is a s  s a t i s -  
factory as  the Raney nickel  as a ca ta lys t  for  the second reactor ,  it would be 
preferred as it cos ts  only one-third a s  much per w e i a t  of nickel. 

4. Results o f  tests using p l a t e  assemblies in second reacto $ 
F i r s t  reactor  Second reactor  

Solid Raney nickel  Nickel oxide 
steel  h E Y  sprayed sprayed 

Catalyst turnings p l a t e s  p l a t e s  pla tes  

- 5700 % 329 

S s c e  velocity, 
700 6000 

Avg . reactor  temp., OC. 3= 332 
97.3 - 9 . 0  - 97.5 E d 0  conversion, percent - 

Exit gas analysis, 

E2 56.7 9.0 7.5 9.0 
0.8 

N2 1.1 0.7 7 3  .9 
co 
CO2 8.7 2.4 2.1 2.6 

85.1 
c 2= 0 0 0 0 
CH4 

C2 3-5 1.0 1.0 1.1 
C3' 0.1 0.1 0.3 0 
c3 - 1.7 .4 - 3  .4 

0 0 0 0 
.6 .1 0 .1 

C4' 
c4+ 

325 - 343 - 927 

- vel ./vol./hr . - 

(vol.-percent-- basis). 

- 1.8 0.8 

87.2 

- 4.0 - 

- - 84.5 - 23.6 - 

Heating value, B.t.u./cu.ft. 566 _. 

af 3Elz+lCO feed t o  the f i r s t  reactor .  

An advantage or' tine flame-spraying technique is evident with <ne nickel  
oxide. 
a t  400" C. 
strength. 
base metal a f t e r  reduction. Thermal spraying may be applicable t o  other 
ca ta lys t s  which are ca t a ly t i ca l ly  ac t ive  but  s t ruc tura l ly  weak. 

Nickel oxide granules dis integrated t o  powder on reduction with hydrogen 
Although the material was act ive ca t a ly t i ca l ly ,  i t  had no mechanical 

However, the nickel  oxide sprayed on p l a t e s  adhered firmly t o  the 

Because the p l a t e s  operated sa t i s f ac to r i ly  in the  second reactor ,  a few 
tests were made using t h e m  i n  the f i r s t  reactor .  Table 5 shows the r e su l t s  
of these tests. The solid p la t e s  of Raney nickel  made a product gas w i t h  a 
heating value of $1 B.t.u. per cubic foot .  The use of p la t e s  sprayed with 
Raney nickel  resul ted in gas with a heating value of 877 E3.t.u. per cubic f o o t  
and the plates  sprayed with nickel  oxide, 856. 
content exceeded 0.1 percent. 
operated a t  an average temperature of 255" C .  
over 300" C .  they became inact ive.  

In a l l  cases the carbon monoxide 

When the temperature was raised t o  
The p la tes  sprayed w i t h  Raney nickel  were 

I 
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9: 
5. Results of tesr,; ' s i n g  pia-& assenblies in f i r s t  reac tor  

Ss l i a  WeY Hi0 CE 
a e y  EiZkP1 aluminum or 
nickel  oc s*~fnless stainless steel 

C 8 a & S t  p l a t e s  s t e e l  p la tes  p l a t e s  

Space veloci ty ,  vol./vol./t;-. 1250 - 1500 - 3000 
Avg . reac tor  tempersture , 'C . 347 255 393 
S&O conversion, ,prcant 9m 93.1. 9- 

H2 4.2 22.6 14.5 
co c.3 4.3 1.7 
N2 1.3 0.4 1.2 
COZ 2.7 0.2 3.3 - 91.4 - 53.5 - 79.3 

Exit gas analysis 
(vol. -percent-dry bas is )  

0 0 0 
F4 
a 2= 

c2 
CJ- 
c3 
c4= 
C&+ 

Heating value, B.t.u./cu.ft.  

0.1 4.5 
0 0.1 
0 1.7 
0 0.1 
0 c.7 

877 - -  - 941. 

0 
0 
0 
0 
0 
356 _. 

aJ JH2+1CO feed gas. 

DISCUSS IOB 

k t  an  hourly space veloci ty  of 6,000 and 330" C., sprayed nickel  and solid 
&ney n icke l  plates  produced a gas with the desired ca lo r i f i c  value w h e n  used 
i n  the second stage of the  hot gas recycle p i l o t  plant .  Eo-aever, a t  t h i s  space 
v e l o c i Q  carbon monoxide \alms of 0.8 t o  1.8 percent w e r e  too high. 
used as a c a - m s t  in the  f i r s t  reactor ,  a t  an hourly space veloci ty  of 1,250 
and 347" C .  , tke  s o l i d  Raney n icke l  p l a t e s  produced a product gas of &l 3. t .L .  
per cubic foor. and a carbon nonoxide C O E ~ E G  of 0.3 percent, knereas the sprayed 
sect ions i n  the f i r s t  reactor  produced a gas t i t  - a s  msa t i s f ac to ry  -h both 
respects, ca lo r i f i c  value and Carbon n;onoxide conten;. 

'Elhen 

This difference in r e s u l t s  between the solid Raney nickel  @.a'e assemblies 
and the plates  sprayed witin m y  n icke l  nay be due t o  seve-91 factors :  
1) m a  coating may have been too chin and zhe digest ion procedure did. co t  
activate suf f ic ien t  nickel; 2 )  the  coating did not  adhere t o  same of the p la tes ,  
indicat ing e i the r  faul ty  sand b las t ing  or spraying technique. 

These nickel  sections have advantagas aver steel la the turnings. 
conversions and higher heating 
they can be operated a t  temperatures as hi& es 450" C .  without s ign i f icant  
Carbon deposition; &&ey are  h s s  SusceFtible t o  o x i b t i o n  by szeam, which 
neans that the  bate: vapor C O E ~ ~ E ~  of the recycle gas can be grea te r  ( l e s s  cold 
recycle gas) .  
a greater  temperature d i f f e r e n t i a l  can be to le ra ted ,  a lower recycle flow is 
required. 
Other fac tors  to be determized are the r e l a t ive  lives of the  n i c k e l  and s t e e l  
c a t a b s t s  and the i r  se lec t ive  sensi t iv ' , t ies  td su l i 'u r  poisoning. 

E ighe r  
gas can be achieved in the f i r s t  reactor ;  

The pressure drop is less thaa viA& steel  turnings, and because 

*This decreases the cos t  OS recompressing the recycle gas consi&erabljr. 
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Other materials such as magnetite ore, !%sed i ron oxide, and cobalt  oxide 
have been sprayed on s t e e l  sections and t e s t e d  i n  bench-scale units, but none 
were as act ive as the inaterials discussed. 

CONCILJSIONS 

!.ihile a good high-B.t.u. gas has been produced i n  one reactor  using sprayed 
p la tes  i n  the hot g a s  recycle process, it is  not com2letely sa t i s fac tory  
according to  the s s c i f i c a t i o n s .  
optimam operating conditions t o  make a gas t o  meet t h i s  standard. 

More tests are necessary t o  detemine the 

This technique of  flame spraying c a t a l y s t s  on i n e r t  forms may have 
applications t o  other processes than hydrocarbon synthesis. 
metal oxides can be sprayed. It is  possible by proper technique t o  remove 
the base metal from the sprayed material and have a shape composed e n t i r e l y  of 
t h e  ca ta lys t .  

i%ny metals and 

1. Bienstock, D., J. H. Field,  A. J. Forney, and R. J. Demski, Pi lo t  Plant 
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Figure 2 .  Para l le l  p la te  assembly of Raney nickel  ca ta lys t .  
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